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Bangladesh’s textile sector plays a crucial role in its economy by creating jobs and significantly contributing to
export revenue. However, this industry faces challenges, including contaminated water sources and the release of
airborne pollutants due to its high-water usage, chemical dyes, and manufacturing processes. Therefore, estab-

i}lélt;;:ablhty lishing a sustainable supply chain is essential. This study aims to identify the critical obstacles to establishing a
DEMATEL sustainable supply chain. Multi-Criteria Decision Making (MCDM) techniques, such as DEMATEL, help reveal the

relationships between different components and determine the relative importance of each in the decision-
making model. Meanwhile, Fuzzy TOPSIS proves reliable in situations of uncertainty, allowing for effective
ranking of the barriers. The findings indicate that the most pressing barriers include resistance to change and the
adoption of innovation, financial constraints or high costs, and a lack of support and commitment from top
management. This assessment helps pinpoint crucial obstacles that must be addressed to achieve sustainability in
the textile sector. By effectively identifying and eliminating these barriers, this study aims to assist those involved
in the industry in their pursuit of a more sustainable future.

Fuzzy TOPSIS

1. Introduction

The textile industry significantly boosts the nation’s economy by
generating export revenue and job opportunities. Known for low labor
costs, it produces various textiles like fabrics and clothing, driving global
trade and growth [1]. Bangladesh, now the world’s twelfth-largest
clothing producer, derives approximately 77 % of its foreign exchange
and 50 % of its industrial workforce from this sector [2]. The textile
industry contributes 81 % to the country’s GDP and is its top export
earner, with around 5600 factories in operation [3]. The textile sector
has a dark side, particularly the release of contaminated water from
industrial sources, which poses serious environmental threats and harms
living organisms [4]. It ranks just after the oil industry as one of the most
polluting industries, negatively impacting all aspects of sustainability:
environmental, economic, and social [5]. The industry’s supply chain
contributes to waste, pollution, and resource depletion, consuming sig-
nificant amounts of energy, chemicals, and water throughout a prod-
uct’s life cycle. To promote environmental sustainability, clothing
designers and supply chains must adopt ecologically and socially
responsible design principles [6]. A sustainable supply chain in the

textile sector is crucial for minimizing environmental harm, promoting
ethical practices, and ensuring long-term profitability. It fosters trans-
parency, reduces waste, and meets consumer demand for eco-friendly
products [7]. In today’s business climate, prioritizing sustainable sup-
ply chain management can provide a competitive edge [8]. While many
studies focus on performance and enablers for establishing sustainable
supply chains, few address the obstacles to their long-term viability
[9-11]. This study aims to identify these critical barriers in Bangladesh’s
textile sector, which is vital to the country’s economy.

The goal of this study is to identify the current issues faced by the
textile sector. The barriers identified are sourced from existing literature
through an extensive review and are organized in a coherent sequence
with the assistance of experts. This organization aims to help researchers
gain a better understanding of the field. Various Multi-Criteria Decision
Making (MCDM) tools are then employed. The Decision-Making Trial
and Evaluation Laboratory (DEMATEL) method is used to determine
how these barriers are interconnected, while the Fuzzy Technique for
Order Preference by Similarities to Ideal Solution (TOPSIS) method
prioritizes the barriers. The structure of the paper is as follows: The
introduction provides a foundation for the research. Section 2 outlines
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Table 1 Table 2
Selected barriers and their sources. Pairwise comparison matrix of an expert’s opinion.
Sl Denoted Barriers Sources A B C D E F G H
no. by
A 0 1 2 2 2 3 2 2
1 A Consumer desire for lower prices [11-13] B 2 0 2 1 2 2 3 2
2 B Lack of government support C 2 2 0 1 2 3 2 2
3 C Organizational culture resistance to change [14-16] D 1 2 2 0 3 2 2 2
4 D Lack of green materials, processes and [13,17,18] E 1 1 3 2 0 2 1 2
technology F 2 2 2 3 2 0 1 2
5 E Lack of commitment and support by the top [19-22] G 2 3 3 2 1 1 0 2
management level H 2 2 2 3 3 2 3 0
6 F Lack of training and education about [18,23-25]
sustainability
7 G Monetary constraints or high costs [26,27,28,
29] Table 3
8 H Resistance to change and adopt innovation [14,30-32] Normalized direct-relation matrix.
A B C D E F G H

the research methodology, which includes the Fuzzy TOPSIS and
DEMATEL methodologies. Section 3 presents a discussion that primarily
highlights the findings from the applied research methods. Finally,
Section 4 includes the conclusions and recommendations derived from
the investigation, as well as considerations of constraints and future
scope.

This study’s originality lies in its data collection from experts in
sustainability within Bangladesh’s textile industry. It employs two
distinct Multi-Criteria Decision-Making (MCDM) tools, each with its
own mechanism, addressing different criteria for analysis. As a result,
barriers are prioritized in two unique ways. The findings from these
methods are compared, with any relevant circumstances discussed in
detail. The research follows a two-phase approach: Phase 1 involves a
preliminary assessment to identify the barriers hindering Sustainable
Supply Chain Management, while Phase 2 focuses on determining the
primary barriers.

2. Methodology
2.1. Identification of barriers

There are two categories of barriers to implementing sustainable
supply chain management (SSCM): internal and external [12]. Through
literature review and expert opinions, eight key barriers were identified
(Table 1). External barriers include insufficient regulations, unreliable
metrics for performance evaluation, and low market demand for sus-
tainable products [13]. Internal barriers involve organizational chal-
lenges such as financial constraints, lack of knowledge and awareness,
and insufficient support from senior management [14].

2.2. Dimensions of a sustainable supply chain

Sustainability in engineering encompasses social, environmental,
and economic issues. It involves balancing economic development,
environmental stewardship, and social equity [33]. The triple bottom
line theory advocates for businesses to enhance the economy, society,
and environment for long-term benefits [34]. In Bangladesh’s textile
sector, addressing challenges like fair labor standards and worker
empowerment is essential for social sustainability [35]. Economic sus-
tainability in this sector requires balancing expansion, resource effi-
ciency, and financial stability, focusing on productivity, innovation, and
market growth while managing debts and production stability [36-38].

Ensuring environmental sustainability in Bangladesh’s textile in-
dustry is essential for reducing ecological impact. Key strategies include
adopting eco-friendly production processes, decreasing water and en-
ergy consumption, and implementing waste management policies. As
global consumers increasingly favor eco-friendly products, these envi-
ronmental concerns are increasingly linked to trade [39-40]. Barriers to
sustainability are analyzed using DEMATEL and Fuzzy TOPSIS, clari-
fying relationships and ranking elements [41-43]. Both methods will

0.000 0.072 0.140 0.092 0.160 0.116 0.164 0.124
0.092 0.000 0.136 0.132 0.108 0.124 0.148 0.124
0.120 0.112 0.000 0.096 0.148 0.160 0.136 0.156
0.128 0.120 0.120 0.000 0.128 0.124 0.164 0.148
0.096 0.120 0.136 0.124 0.000 0.136 0.108 0.140
0.108 0.092 0.128 0.108 0.120 0.000 0.112 0.156
0.124 0.104 0.132 0.148 0.144 0.112 0.000 0.152
0.120 0.124 0.144 0.116 0.136 0.132 0.128 0.000
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serve as benchmarks for future studies [44]. This approach aligns with
Ronald Fisher’s Design of Experiments (DOE), allowing for thorough
analysis and minimizing confounding variables [45].

2.3. DEMATEL

The DEMATEL method determines causal dependencies among
predefined factors, helping to identify critical barriers that need im-
mediate attention [46-49]. It relies on expert judgment rather than
sample size and effectively analyzes relationships in complex systems
[50]. By creating a visual representation of interrelated elements,
DEMATEL clarifies interconnectedness and aids in complex
decision-making [51]. The approach follows criteria from Zhan et al. in
Evaluatology, changing one factor at a time to ensure accurate results.
This method ultimately establishes cause-effect relationships among
controlled factors [44].

The following steps are to be followed to carry out a full-fledged
DEMATEL analysis:

e Step 1: Expert opinions are gathered: A questionnaire is developed
based on selected barriers and distributed to experts for their input,
which is then documented. Responses are assigned numerical values
on a scale from 0 (No influence) to 4 (Very high impact). Pairwise
matrices (Table 2) are created from expert feedback, leading to a
combined matrix using a specific formula:

A=[Ay],,, = % kzj; {Xﬂm @

In the above formula, H is the number of experts, and n is the number
of barriers. Each expert provides the impact of barrier i on barrier j. The

impacts are presented in the matrix X* = [Xﬂ .
nxn
e Step 2: Normalized primary direct matrix is computed: This
normalized primary direct matrix (Table 3) is also known as initial
influence matrix, D. The following formula is used for this step:

D:§ 2)
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Table 4 Table 7
Total relationship matrix. Cause and effects by threshold value.
A B C D E F G H A B C D E F G H
A 0.782 0.813 1.032 0.890 1.058 0.988 1.062 1.078 A 0.782 0.813 1.032 0.890 1.058 0.988 1.062 1.078
B 0865 0743 1.026 0.921 1013 0992 1.048 1.076 B 0865 0743 1.026 0921 1013 0992 1.048 1.076
C 0.933 0.888 0.962 0.940 1.099 1.074 1.092 1.158 C 0.933 0.888 0.962 0.940 1.099 1.074 1.092 1.158
D 0.947 0.900 1.076 0.859 1.092 1.051 1.124 1.160 D 0.947 0.900 1.076 0.859 1.092 1.051 1.124 1.160
E 0862 0845 1.021 0.908 0909 0996 1.010  1.082 E 0862 0845 1.021 0.908 0909 0996  1.010  1.082
F 0.844 0.795 0.982 0.866 0.983 0.844 0.980 1.059 F 0.844 0.795 0.982 0.866 0.983 0.844 0.980 1.059
G 0.932 0.877 1.072 0.975 1.090 1.029 0.968 1.148 G 0.932 0.877 1.072 0.975 1.090 1.029 0.968 1.148
H 0.913 0.878 1.064 0.935 1.066 1.029 1.064 0.998 H 0.913 0.878 1.064 0.935 1.066 1.029 1.064 0.998
Table 5 T=DI-D)" Q)
Cause and effect determination.
Indicated Barriers R; G R;-G; Identity
as e Step 4: Ri and Ci matrices are calculated. Using the following for-
A Consumer desire for lower 7.703  7.077  0.626 Cause mulas, the Ri and Ci values are determined:
prices n
B Lack of government 7.683  6.738  0.945 Cause Ri — Z t; 5)
support i=1 1
C Organizational culture 8.146 8235 —0.089  Effect xn
resistance to change
D Lack of green materials, 8.208 7.293 0.915 Cause . 1
processes and technology Ci= (21: tij) ©
E Lack of commitment and 7.633 8310 —0.677  Effect = nx1
support by the top
management T= [tij}nxni @
F Lack of training and 7.353 8.004 -0.651 Effect
education about
sustainability
G Monetary constraints or 8.091 8.348 —0.257  Effect . . . . . X
high costs Using the achieved values, we can determine Ri+Ci (the Total im-
H Resistance to change and 7.946 8758  -0.812  Effect pacts provided and accepted by a barrier) and Ri-Ci (the overall effect
adopt innovation contributed to the system by a barrier). If Ri-Ci is positive, it is a cause;
otherwise, it is an effect.
Table 6 o Step 5: Assessing based on threshold (Alpha) value: Determining the
Rank of the barriers by DEMATEL method. threshold value aids cause-and-effect identification and is optional. It
Indicated Barriers R G Ri+GC; Rank is calculated by finding the mean of all values in the overall influence
as matrix, which is 0.981 in this case. Barriers C (1.032), E (1.058), F
A Consumer desire for lower 7703 7.077 14780 7 (0.988), G (1.062), and H (1.078) exceed this threshold, indicating
prices that barrier A impacts them. Table 7 shows the cause and effects on
B Lack of government support 7.683 6.738 14.421 8 the basis of the threshold value.
C Organizational culture 8.146 8235 16.381 3
resistance to change
D Lack of green materials, 8.208 7.293 15,501 5 2.4. Fuzzy TOPSIS
processes and technology
E Lack of commitment and 7.633 8310 15943 4 . . . .
support by the top Many real-life decisions depend on ambiguous evaluation data [52].
management level TOPSIS is a decision-making technique that aids in selecting the best
F Lack of training and education ~ 7.353  8.004 15357 6 option among various choices [53]. Fuzzy set theory addresses un-
about sustainability _ certainties from imprecision, enhancing decision quality [54-55]. De-
G CNizgetary constraints or high 8.091 8348 16439 2 cision makers often use vague terms like "good" or "poor," leading to
H Resistance to change and 7046 8758 16704 1 fuzziness in attribute weighting [56]. Triangular fuzzy numbers repre-
adopt innovation sent these linguistic expressions. The TOPSIS approach, introduced by
Hwang and Yoon in 1981, selects options that are far from the
negative-ideal solution and close to the positive-ideal one, based on
precise attribute values and weights [57].
Where
’ Table 8
n n Linguistic variables representing the significance weight of
S = max | max Z a;, max Z a; 3 each criterion.
j=1 i=1

e Step 3: Direct/Indirect influence matrix is calculated: The in-
terrelationships between the matrix elements are demonstrated in
this matrix through both direct and indirect effects. I denoted iden-
tity matrix. T, the total relation matrix (Table 4), which is computed
using:

Linguistic Variable Fuzzy Number

Extremely Low (0,0,1)
Very Low 0,1,3)
Low (1,3,5
Medium 3,5,7)
High (5,7,9)
Very High (7,9,10)
Extremely High (9,10,10)
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Table 9

Integrated matrix.
Barriers Social Economic Environmental
A 3.7778 5.2778 6.6667 3.8889 5.5000 7.1667 2.8889 4.2222 5.8333
B 4.5556 5.8889 7.2222 2.0000 3.5000 5.3333 3.8333 5.2222 6.5556
C 5.6667 7.1111 8.2222 3.5000 5.0000 6.6667 2.0556 3.3889 5.2222
D 2.4444 3.7778 5.3333 3.3333 4.7222 6.2222 4.1667 5.8889 7.4444
E 3.1111 4.2778 5.6111 3.5556 5.1667 6.8333 2.2222 3.7778 5.5556
F 3.1111 4.2778 5.6111 4.8889 6.3333 7.5000 4.3889 5.9444 7.2778
G 3.1111 4.4444 5.9444 2.1667 3.3889 4.8889 3.1111 4.4444 5.9444
H 3.8333 5.4444 6.7778 4.5556 6.0556 7.3333 2.1111 3.3889 5.0556

Table 10

Normalized matrix.
Barriers Social Economic Environmental
A 0.6471 0.4632 0.3667 0.6286 0.4444 0.3411 0.8462 0.5789 0.4190
B 0.5366 0.4151 0.3385 1.2222 0.6984 0.4583 0.6377 0.4681 0.3729
C 0.4314 0.3438 0.2973 0.6984 0.4889 0.3667 1.1892 0.7213 0.4681
D 1.0000 0.6471 0.4583 0.7333 0.5176 0.3929 0.5867 0.4151 0.3284
E 0.7857 0.5714 0.4356 0.6875 0.4731 0.3577 1.1000 0.6471 0.4400
F 0.7857 0.5714 0.4356 0.5000 0.3860 0.3259 0.5570 0.4112 0.3359
G 0.7857 0.5500 0.4112 1.1282 0.7213 0.5000 0.7857 0.5500 0.4112
H 0.6377 0.4490 0.3607 0.5366 0.4037 0.3333 1.1579 0.7213 0.4835

The steps to be followed in order to completion of the Fuzzy TOPSIS
method:

e Step 1: Utilize the opinions of experts and use linguistic factors to
assess the importance of attribute weights and ratings for various
possibilities: A questionnaire with 24 questions focused on social,
economic, and environmental criteria, along with eight barriers, was
distributed to textile industry experts. Their responses were recor-
ded, and triangular fuzzy numbers (Table 8) were used to assign
weightage based on their ratings.

Step 2: The ratings of barriers and weights of criteria are combined:
The criteria weights and barrier ratings are combined (Table 9) using
the following calculation:

(€))

~ 1.4 ~

In the abovementioned equations, ‘t’ is the number of decision-
makers. The aggregated ratings a; of barriers x; for attribute G; and
the average weight w; of attribute G; can be determined. It is generally
assumed that each expert has the same knowledge base. However, that is
inaccurate, as we know that not everyone has the same expertise in a
specific domain.

normalized (Table 10) into a corresponding matrix in the form of

ﬁw = (?fp) , Where:
sxn

~ Qiij Qi Ayij .
rij:(y, —— ], 1€eB (10)
Qi Ay Ay
~ G a a:\ .
ryj = <A77h7i)7156' an
Quij Amij Qi
And,
a; = maxdy, ieB 12
a; = maxay; ieC (13)

In the formulas, B represents benefit criteria and C represents cost
criteria. Benefit criteria are desirable characteristics to optimize, with
higher values being more advantageous. The goal is to maximize these
advantages. In contrast, cost criteria indicate elements to minimize, with
lower values being preferable. The objective here is to reduce expenses
associated with each criterion.

e Step 4: Develop the weighted normalized fuzzy decision matrix:
Utilizing the formula, the weighted normalized fuzzy decision matrix
V' (Table 11) is calculated:

V=[] nn as
e Step 3: Normalize the complex fuzzy decision matrix: Here, the
complex fuzzy decision matrix A = (@y),,, = [ay, mj. Qu),,, is

Table 11

Weighted normalized matrix.
Barriers Social Economic Environmental
A 0.4982 0.4307 0.3667 0.4840 0.4133 0.3411 0.6515 0.5384 0.4190
B 0.4132 0.3860 0.3385 0.9411 0.6495 0.4583 0.4910 0.4353 0.3729
C 0.3322 0.3197 0.2973 0.5378 0.4547 0.3667 0.9157 0.6708 0.4681
D 0.7700 0.6018 0.4583 0.5647 0.4814 0.3929 0.4517 0.3860 0.3284
E 0.6050 0.5314 0.4356 0.5294 0.4400 0.3577 0.8470 0.6018 0.4400
F 0.6050 0.5314 0.4356 0.3850 0.3589 0.3259 0.4289 0.3824 0.3359
G 0.6050 0.5115 0.4112 0.8687 0.6708 0.5000 0.6050 0.5115 0.4112
H 0.4910 0.4176 0.3607 0.4132 0.3754 0.3333 0.8916 0.6708 0.4835
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Table 12
FPIS (A*) & FNIS(A-).
Social Economic Environmental
A* 0.7700 0.6018 0.4583 0.8687 0.6708 0.5000 0.8916 0.6708 0.4835
A- 0.3322 0.3197 0.2973 0.3850 0.3589 0.3259 0.4289 0.3824 0.3359
Where,
V= Wi X Ty @as) Cause and effect analysis
1.500
e Step 5: Calculate the Fuzzy Positive Ideal Solution (FPIS) and 1.000 * i
Fuzzy Negative Ideal Solution (FNIS): The FPIS (A*) and the FNIS — 0500 °
(A™) are computed using the following sets of formulas in Table 12: e
& 0000 ®
et~ o °
A= {V,9,,...7;} (16) 0500 ° 2 4 6 8 10
[ L] ®
O fem e e -1.000
A" = {7y ) an Barriers
Fig. 1. Cause-effect digraph.
To simplify the calculation, FPIS and FNIS can be written as V; =
[1,1,1]and % = [0,0,0]
e Step 6: Calculate the distance of each barrier from A* and A™:
From the following equations, the distance of each barrier from FPIS
and FNIS is calculated:
S .
& => d@,v), (18)
i1
S
d = Zd(v,-j,vi ) (19)
i=1
e Step 7: Calculate the closeness coefficient of each barrier. The
closeness coefficient of each barrier is determined using the
following formula:
CC, 9 (20)
T d+d -
Fig. 2. Impact diagram.
e Step 8: Rank the barriers: The barriers are then ranked using the
closeness coefficient. According to this method, the barrier with the Table 1
highest closeness coefficient will be ranked as the number one bar- able 3
. Barriers ranked by Fuzzy TOPSIS.
rier. [55].
Barriers  Name of barriers CCi Rank
3. Discussion A Consumer desire for lower prices 0.6865 7
B Lack of government support 0.7262 5
This study identified and prioritized barriers within the textile sector ¢ Organizational culture resistance to change 07218 6
¢ ladesh. Firstl lvsi d d . D Lack of green materials, processes and technology 0.7384 4
of Bangladesh. Firstly, a DEMATEL analysis was conducted using a E Lack of commitment and support by the top 07993 2
questionnaire distributed to experts. The objective of this study was to management level
examine the interconnections among the barriers and evaluate their F Lack of training and education about sustainability 0.6203 8
relative significance in influencing workers’ decision-making processes. G Monetary constraints or high costs 0.849%6 1
H Resistance to change and adopt innovation 0.7398 3

The primary goal was to determine the causes and effects of the iden-
tified barriers. In this analysis, if the value of Ri-Ci was negative, the
barrier was classified as an effect; if it was positive, it was categorized as
a cause. Among the eight identified barriers, three were classified as
causes, while the remaining five were deemed effects, as shown in
Table 5. Cause-based barriers are considered more critical than those
based solely on their impact. Conversely, effect-based barriers are
generally seen as dependable. According to the analysis, the barriers
identified as causes were: consumer demand for low prices (A), lack of
government support (B), and lack of green materials, processes, and
technology (D). These three barriers were found to be the underlying

reasons for the other five barriers all are evident in Fig. 1.

After identifying the causes and effects, we ranked the barriers based
on their significance using the Ri + Ci method (as shown in Table 6). It
was determined that resistance to change and adoption of innovation
(H) ranked first, while monetary constraints or high costs (G) and
resistance to change within organizational culture (C) ranked second
and third, respectively. Subsequently, by utilizing the threshold value,
we assessed the impact of each barrier on the others which is shown in
Fig. 2.
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Comparison Between DEMATEL & FUZZY TOPSIS
10
t
; 8 °
()

E 6 °
2 4 ©
£ 2 ° ?
£ o
g 0

0 1 2 3 5 6 7 8 9

Position in Fuzzy TOPSIS

Fig. 3. Rank of barriers through DEMATEL and Fuzzy TOPSIS.

Table 14
Most Critical Barriers as recognized by previous papers.

References Country Name of the barrier

[4] India Communication gap among stakeholders
[58] India lack of effective governmental policies
[59] Bangladesh Insufficient financial incentives

[60] Pakistan Lack of ability to design a green product

After the DEMATEL analysis, the Fuzzy TOPSIS method was applied,
leading to a ranking of barriers based on the closeness coefficient
(Table 13). The analysis identified the most critical barrier as Monetary
constraints (G), followed by Lack of support from top management (E),
and Resistance to change (H). The results from DEMATEL and Fuzzy
TOPSIS showed slight differences, as depicted in Fig. 3.

Although the results are similar, they differ because DEMATEL fo-
cuses on identifying key elements through cause-and-effect relation-
ships, while Fuzzy TOPSIS uses fuzzy logic to address ambiguities in
decision criteria. DEMATEL emphasizes interrelationships, whereas
Fuzzy TOPSIS manages uncertainty.

Table 14 shows that different studies have identified various critical
barriers. This variation is due to factors like differing production scales,
labor costs, environmental practices, and technological advancements in
the countries involved. If these factors are similar, the methodologies
used may differ. For example, Rashid et al.’s study on Bangladesh pre-
sents different findings due to its distinct approach compared to this
study.

4. Conclusion

This paper examines the barriers to sustainable supply chains in
Bangladesh’s textile industry, identifying eight key hurdles based on
recent studies. Utilizing the MCDM technique, expert opinions were
gathered to assess the criticality and influence of these barriers. Two
methods, DEMATEL and Fuzzy TOPSIS, were employed. DEMATEL
analyzed the interrelations between barriers and classified them into
cause-and-effect groups, considering the insights of 18 industry experts.
Although companies may face varied issues, common barriers emerged
due to the industry’s nature. Three barriers were identified as primary
causes, illustrating how a small factor can have complex effects. The
barriers were ranked, with resistance to change and innovation (H) in
the top spot, followed by monetary constraints (G) and organizational
culture resistance (C). Fuzzy TOPSIS further highlighted that monetary
constraints (G), lack of top management support (E), and resistance to
change (H) are the main obstacles.

4.1. Limitations and future scope of the work

This research has several theoretical and methodological constraints.

Firstly, only eight barriers are selected for analysis, limiting accuracy
and length. A broader questionnaire may lead to reduced engagement
from experts, resulting in random responses. Additionally, treating all
expert opinions equally overlooks varying levels of knowledge, and
biases may affect their scaling of barriers. The study is focused solely on
SSCM procedures within the textile industry, making conclusions inap-
plicable to other sectors. Future research could validate these findings
and explore other MCDM tools like AHP, grey theory, or ANP for
comparative analysis.
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